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^ CHAPTER 89 

Gestational Diabetes 
Mellitus 



Robert E. Ratner and Maureen D. Passaro 



■■^.■■Hyperglycemia first identified during pregnancy has been 
|g£:acc e pt^d as the arbitrary definition of gestational diabetes mel- 
P^tus (GDM). The adverse effects of glycosuria and carbohy- 
fcarate intolerance m pregnancy on fetal outcome were described 
g^nearly 100 years ago (1). Subsequently, in 1917, Elliot P. Joslin (2) 
l^aescribed Case 309, which "showed sugar in 1897 during preg- 
J;§^ aric y< b ut following confinement, with resulting dead baby, it 
If*' 
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disappeared, but returned in 9 years in the form of moderate to 
severe diabetes. . . . fW]ith our present knowledge it is quite pos- 
sible that such an outcome could be prevented by active treat- 
ment of the glycosuria from the very start" (2). Joslin's descrip- 
tion emphasizes the importance that the identification of GDM 
nas on perinatal morbidity and mortality, as well as subsequent 
development of diabetes mellitus (DM) in the mother. The dif- 
ferential effects on the mother and child have caused some 
dilemmas m both the ultimate diagnosis of the disorder and the 
aggressiveness with which it is sought and treated 
Gestational DM may be viewed as: 

I. An unidentified preexisting disease, or 

i? 6 un f naskin 8 of a compensated metabolic abnormality by 
tne added stress of pregnancy, or 
3. A direct consequence of the altered maternal metabolism 
stemming from the changing hormonal milieu. 

Based on a statistical analysis of the Second' National Health 
and Nutritional Examination and Survey (NHANES II), Harris 
< f^° ned the unic 3 u eness of GDM. Glucose tolerance test- 
ing ot 617 nonpregnant women of childbearing age with no pre- 
vious history of DM found prevalence rates of carbohydrate 
" ™ tole ™ nce virtually identical to those described in pregnancy 
A substantial number of women identified as diabetic during 
pregnancy, therefore, could have been identified by the 
improved ascertainment arising from closer monitoring, as rec- 
ommended during pregnancy. This is further suggested by the 
findings that those diagnosed with GDM before 24 weeks' {Tes- 
tation were significantly older and had a twofold greater inci- 
dence of required insulin therapy than did women diagnosed 
after 24 weeks' gestation (4). 

This controversial position can be refuted, at least partially 
by the observation that most subjects with GDM revert to nor- 
mal carbohydrate tolerance postpartum. Another limitation of 
the conclusion is the fact that Harris used glycernic parameters 
developed ror the diagnosis of GDM, but in a nonpregnant pop- 
ulation. Although the level of glycemia achieved by the two 
groups is comparable, neither the metabolic milieu nor the 
potential complications are the same. If traditional diagnostic 
criteria for DM in nonpregnant adults are applied to the popu- 

erabTv 1 T, by NH ^ ES °' the P~^-ceof DM is consid- 
erably less. The critical point remains, however, that a substan- 
tial subset of women diagnosed with GDM, particularly those 
diagnosed early in pregnancy, may have had preexisting dis- 
a a gone undiagnosed. The apparent clinical correlate 

15 need t0 asSess fastin S S lucose concentra- 
tions at the beginning of pregnancy in order to diagnose preex- 
isting carbohydrate intolerance. 

.f™ c S l C T d P°f sibllit y 15 tha * pregnancy creates a metabolic 
stress that simply pushes a woman with compensated type 1 
DM or type 2 DM into a decompensated hyperglycemic state. It 
dear from the classi c studies of Freinkel et ah (5) that insulin 
requirements rise substantially during normal pregnancy" If a 

BcTS H a / imited P ~ CeU reSp ° nSe secondar y ^ autoimmune 
p-ceii destruction, as seen in type 1 DM, or has 0-ceIl secretory 
reserve insufficient to meet the demands of pregnancy because 
of early type 2 DM, she may decompensate from a normo- 
glycemic state in the nonpregnant situation to a hyperglycemic 
"ll dUnng P re Snancy. Data supporting the hypothesis that 
pregnancy results in the decompensation of a prediabetic stage 
of type DM include a twofold enrichment in the frequency of 
human leukocyte antigens DR3 and'DJU in women with GDM 
compared with that of a racially matched, carbohydrate-toler- 
ant pregnant population (6), and the finding of islet cell anti- 
bodies m as many of 31 % of women in whom GDM developed 
?L t ddltlon ' ln 20% of WOI »en with previous GDM in whom 
DM subsequently develops, traditional type 1 DM develops, as 
defined by a deficient C-peptide response to intravenous 
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elv^tenXS). Others have been less successful in finding evi- 
denSBof autoimmunity in women with GDM, suggesting that 
fewer than 10% may have incipient type 1 DM (9). 

It is far more likely that GDM results from decompensation 
of a prediabetic stage of type 2 DM. Pathophysiologic observa- 
tions of GDM are very simUar to those seen in type 2 DM and 
are discussed in detail later in this chapter. Epidemiologically, 
however, most people in whom DM develops after a history of 
GDM have classic type 2 DM. Review of 12 worldwide studies 
of DM among former patients with GDM indicates a wide 
range of incidence rates, from 19% to 87% for combined DM 
and impaired glucose tolerance, to 6% to 62% for DM alone (10). 
Depending on the ethnic group, conversion rates postpartum to 
nongestational DM may be as high as 9% within the first 6 
weeks (11), with 30% in the first year (12). The initial observa- 
tions of O'Sullivan and Mahan (13) in 752 unselected pregnant 
women in the 1960s demonstrated a 50% prevalence of DM 
after 28 years of follow-up in those in whom pregnancy was 
complicated by GDM. In addition, as is shown subsequently, 
the prevalence of GDM parallels the prevalence of type 2 DM in 
high-risk ethnic and racial groups. 

HOW IS GESTATIONAL DIABETES MELLITUS 
DEFINED? 

The National Diabetes Data Group (NDDG), together with the 
first three International Gestational Diabetes Workshops, 
accepted the modified criteria originally described by O'Sullivan 
and Mahan (13) in their classic study of 1964. A statistical analy- 
sis of glucose response over 3 hours to a 100-g oral glucose chal- 
lenge in 752 healthy, pregnant women yielded values represent- 
ing the mean plus or minus two standard deviations in the 
fasting state and at 1, X and 3 hours. By arbitrarily declaring 
abnormal carbohydrate handling as that exceeding two standard 
deviations above the mean on two or more values, 2.5% of the 
population was defined as having GDM. This statistical means of 
defining disease is population specific, with a prevalence of 
GDM ranging from 0.5% in northern England to 12.3% in the 
inner-city (predominantly Hispanic and African-American) pop- 
ulation (14). With a mixed inner-city African-American and ter- 
tiary care population, the George Washington University Medical 
Center has a 4% prevalence of GDM in its obstetric practice. In a 
review of an ethnically diverse cohort of 10,187 women undergo- 
ing standardized screening for glucose intolerance in New York 
City, the overall prevalence of GDM was 3.2%. The frequency of 
GDM was lowest for whites, followed by African Americans, 
Hispanics, Asians, and women classified as belonging to another 
"racial/ethnic group" (14). Thus, the purely statistical approach 
to the definition of GDM is inappropriate because it depends on 
the relative risk of the populations studied. 

A more suitable method of defining disease is based on the 
morbidity associated with the condition. The O'Sullivan -Mahan 



criteria have stood the test of time as a predictor of subsequeni|||p 
DM in the mother, as previously mentioned. Perinatal maternai|g^ 
morbidity is likewise reflected in the significantly increasedSf; 
incidence of pregnancy -induced hypertension and preeclarn^^ 
sia (15). With current aggressive glycemic management adiie\|||fe 
ing postprandial euglycemia, the traditional maternal compjjjfjjX 
cations of polyhydramnios, preterm labor, abnormalities Mlmk 
labor, and birth trauma are not increased in this populatioSflp' 
with GDM. The predominant acute effects of GDM occur not|S^' 
the mother but to the fetus. SM 
Neonatal morbidity in the offspring of women with GDMlg 
has long been recognized. The occurrence of metabolic corrir|i|| " 
cations, including hypoglycemia, hypocalcemia, macrosomif^ 
and hyperbilirubinemia, is excessive (16). With unproyedf 
neonatal care, it is difficult to demonstrate changes in fetal moJl 
tality rates. Older data, however, did report a fourfold increas'e||| 
mortality rate in infants of mothers- with GDM (17). The effepjf 
on the offspring are not limited, however, to the immediate! 
perinatal period. As these offspring of mothers with GDM : ag|| 
they acquire premature insulin resistance, obesity, and a^hi^W 
rate of carbohydrate intolerance (18). ■ 'iC-^ 
It would appear, therefore, that diagnosing GDM and irisfitSp . 
ing aggressive management of the mother are intended to reduGlp 
or eliminate the perinatal, neonatal, and long-term complicati|||lp 
in the offspring. The current diagnostic criteria, however^|| 
way take the neonatal outcome into consideration, WitlvtM| 
mind, are the O'Sullivan-Mahan criteria too lax for the identg^ 
tion of people at risk for perinatal morbidity associated vMgjg 
bohydrate intolerance? The sanctity of these criteria hasEfepr 
seriously questioned (19). The original criteria were base||i 
whole-blood determination of glucose by the Somogyi tecgulu 
This was subsequently modified by the NDDG to use a;Cor||e 
sion factor of 1.14 to represent plasma glucose determination^ 
the glucokinase technique (20). Technical modification^^ 
conversion have been recommended by Carpenter and^gSfc 
(21) as being more representative of the true plasma^gucd 
determination. This modification results in a lowermg ,o;f:|ll| g 
cose criteria in the 3-hour glucose tolerance test (Jabteg$0& 
such, a larger percentage of women undergoing g* u ' G ^f^ 
ance testing during pregnancy will meet these rnodified:criteHJ 
thus increasing the sensitivity of the test; however^ meVeffe^ 
these more inclusive criteria on specificity remain in douBJ^ 
By using the lower modified criteria, the overall ^Gideric|i 
GDM increased by 56%. Data on the modified criteria :prfc|g 
at the Fourth International Workshop on Gestational §Bg| 
indicated that infants of women meeting these lower.c^grm* 
at a risk for perinatal morbidity, including macrosomia^g^ 
that of those patients identified using NDDG ^ tena #f$$®L 
fore, the Carpenter and Coustan criteria were adopteggrj| 
nosis (23). Long-term follow-up of this patient P°P u ^p|| 
vet available. ^rtliif 
The Fourth International Workshop on Gestational^ 
defined cut-off values for the controversial 75-g ° ra \I&gs» 



TABLE 89-1 Historical evolution of O'Sullivan-Mahan criteria for the diagnosis of gestational diabe^nnej^ 

• * — — . - - ."!- V-;* i ''f.!?EK 



Fasting 

1 hr 

2 hr 

3 hr 



O'Sullivan-Mahan criteria 
ImM (mg/dL) whole blood] 



National Diabetes Data Croup 
criteria ImM (mg/dL) plasmal 



Carpenter-Co u Stan mod'if S ca.tion^ 
[mM (mg/dL) plasmaj^^^ 



5.CM90) 
.9.17 (165) 
8.06 (145) 
6.94 (125) 



5.83 (105) 
10.56(190) 
9.17(165) 
8.06 (145) 



Adapted with permission from ref. 39. 



' . ■ 5.28 {95).-;trf£pii 
■ 10.0(180) Jp$§| 
' 8.61 (155 

778(140)^to 



_ tpqt (oUtk) in pregnancy. This test, used in Europe for 
Tnv » Standard criteria. Because outcomes data 
runW^ the cut-off values were arbitrarily defmed 
u nn the mean plus 1.5 standard deviations of the OG7T 
^^.^d^S^er 3,500 patients (24) (Table 89-2). Despite 
^parate^ glucose challenge, the 2-hour value was raised to 
55 Sd obe more consistent with the 2-hour value recom- 
tnded for the 100-g OGTT and the values for the European 
TSo^tiOT for the Srudy of Diabetes (25). Studies suggest that 
I r n^he -lucose values to a fasting value of 90 mg/dL and 
' 1 T^vlTufS mg/dL, closer to the current World Health 
^l^ cLn, ik should be considered to reduce ^ 
^firantlv the rate of large-for-gestational-age infants and 
^^interventions (27) (Table 89-3). Greater experience m 
tTni L 75-e OGTT and maternal and infant outcomes data 
Z 1 be needefto define better the cut-off values for this test 
W " Addition to the debate cone™ the ?PP»^ te " 
tolerance test criteria for use in the diagnosis of GDM data are 
hPcomme increasingly available to suggest that a single abnor- 
SS3^uaSe tolerance testing may better predict the 
"irrence of perinatal morbidity. Tallengo et al (29) examined 
?he neonatal outcome in 249 women with normal glucose^ tote- 
fnc^t results in the third trimester by the O'Sulhvan-Mahan 
riteria T^ey ound that the 2-hour plasma glucose concentra- 
Hon Ser a 100-g OGTT significantly correlated with the infant s 
bir^ weight the higher I 2-hour plasma glucose concentra- 
HoT me greater the incidence of macrosomia, toxemia and 
cesarean sections. A significant increase was noted as 2-hour 
plasmrglucose concentrations exceeded 140 mg/dL cornpared 
ffihe W mg/dL cut-off noted in the traditional O Sulhvan- 
Mahan critrS Others have correlated the rate of fall m plasma 
ducose concentration in the first hour after an intravenous g u- 
S^tolerance test with neonatal complications. Decreased glu- 
cose disposal, as manifested by a slower rate of decline in 
Plasma Xcose, correlated with increased infant birtb .weight 
neomtal asphvxia, and congenital anomalies (30). Validation of 
^fouffi^s been provided by additional large-scale epi- 
oTrr^oloXstudies. Lindsay et al. (31) found both maternal and 
"fSdity increased m women wim only a 
mal value on glucose tolerance testmg during P^f C Y- J ox , 
Z a wa increased in the affected group with an odds ratio of 
2^1 and macrosomia and subsequent *f^J^££ 
■ infants were found to have odds ratios of 2.18 and 2.97, respec 
tively In mothers with only a single abnormal value on glucose 
See testing, Berkus and Langer (32) tound^ £C ° 
infants who were large for gestational age to be twice that of 
motherst whom ft! glucole tolerance test was— y-; 
mal. Intervention to maintain normoglyceima during ; pre t 
nancy reduced this adverse outcome to near-normal levels. 

Finally, reservations about the OGTT as a means of diagno- 
■ sis iTve been raised, regardless of the criteria used. Poor repro- 
ducibUrty of glucose tolerance testing has been documented 
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since the early 1940s (33). This issue has been examined in a 
study during pregnancy, in which high-risk pregnant women 
underwent tto sequential glucose tolerance tests 1 week apart; 
24% had discrepant test results on the two examinations (34). 
Progression from normal to abnormal values due to progressive 
decompensation could not explain this inconsistency, because 
80% of the discrepant test results reverted from abnormal to 
normal at the second examination France 
Because of lack of reproducibility of the glucose tolerance 
test together with the discrepancies in the. number of abnor- 
malities and the threshold for defining those abnormalities, 
much effort has gone into establishing simpler diagnostic . crite- 
ria for GDM. Glycated proteins are extensively used to follow 
long-term levels of glycemic control. Many have hoped to adapt 
this simple blood test, which, can be obtained without dietary 
preparation and at any time of day as a diagnostic .tes tfor 
GDM. Unfortunately, neither glycated hemoglobin nor fruc- 
tosamine is sufficiently sensitive for the identification of women 
with GDM (35-37).' Random glucose testing and use ot 
reflectance meters lack the sensitivity for adequate identifica- 
tion of women at risk for GDM. The best screening test appears 
to be the 50-g 1-hour glucose challenge test It is now recog- 
nized that a 50-g oral glucose load can be used in either the fast 
ing or the fed Itate without reducing sensitivity or speohcity 

(38) . A screening threshold of 130 mg/dL provides a sensitivity 
approaching 100% while maintaining specificity al : near 80 » 

(39) Alteration of this threshold for subsequent 3-hour 1UU g 
glucose tolerance testing influences the sensitivity, specificity, 
and ultimate cost of universal screening. Universal screening of 

. all pregnant women using a threshold value ? 
results in an almost 100% sensitivity at a cost of $249 per case 
diagnosed. Screening limited to women older than 25 year* ot 
aee or to younger women with risk factors, maintains the sen- 
sitivity at more than 95%, but with only a $35 reduction in cost 
per case diagnosed (40). • 

The Second International Workshop conference on GDM 
concluded that all pregnant women should be screened for 
GDM (41). A 1-hour plasma glucose determination in excess o* 
140 mg/dL (lower by Carpenter-Coustan criteria) constitutes a 
positive screen and requires the performance of a traditional 
100-e OGTT- for confirmation of GDM. Selective screening 
based on clinical and obstetric history has previous y been 
deemed inadequate. However, large studies suggest that the 
efficiency of screening improves by assessing only women a 
high risk (42,43). Naylor et al. (42) evaluated data on over *000 
prlgnant women and developed a scoring system to determine 
risk of GDM. Scores are based on age, body mass index (BM1), 
and race. They rationalized that those with low scores need not 
be evaluated, which allows one third of women to avoid the 
glucose challenge test (42). They also suggested that those with 
h gh scores should have a lower cut-off value on their glucose 
challenge test. Currently accepted clinical management 



r , r ^ . M — r ..,^ va h,^forjj BlMCOse tolerance test during pregnancy 

Moses et al. (27) 



Fasting 

1 hr , 

2 hr 



Sacks et a!. (24) 



mg/dL ± SD 



-mmo!/L±SD , mg/dL ±SD .mmol/L ± SD 



83.6 ± 8.9 
124.4 ± 32.9 
108.4 ± 24.8 



4.6 ± 4.9 
6.9 ± .1 .83 
6.0 ± 1.38 



.76.9 ± 8.3 
"104.0 i 32.0 



4.27 ± 0.46 
5.78 ± 3.78 * 
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%BLE 89-3. Criteria for diagnosis of gestational diabetes meliitus with a 75-g oral glucose load [mg/dL (mmol/L)] gg§ 



WHO (26) 



European Association for 
Study of Diabetes (25) 



Fourth International 
Workshop on CDM a (23) 



Australia (28) 



Moses et al£{ 



Fasting 

1 hr 

2 hr 



Unfavored 
140 (7.8) 



95 (5.3) 
180 (10.0) 
155 (8.6) 



99 (5,5) 
1 44 (8.0) 



90 (5.0)"'^p 



m 

162(9.0) 155(8.6) 144 («.U) 140l7 ^if|L, 

^^^^^^S^b,^^ fer • P«W~ The ,« shou.d be perform in *. n^n.ng .*« 

hour fast and after at least 3 days of unrestricted diet and physical activity. . ?5&?£jS3 



includes screening for GDM between gestational weeks 24 and 
28 in pregnant women older than 25 years of age who have not 
been previously identified as having glucose intolerance. The 
recent American Diabetes Association position statement sug- 
gests that it is not cost effective to screen women at low risk (i.e., 
age < 25 years, ethnic groups at low risk for type 2 DM, no his- 
tory of abnormal glucose tolerance, normal body weight, and 
no family history of DM) (23). This new policy has been contro- 
versial, however, with some suggesting that 10% of patients 
with GDM would be missed if all women were not screened 
(44). 

Glucose traditionally has been used as the marker for GDM 
because of its ease of measurement and test reproducibility 
among laboratories. It is now clear that alterations in insulin 
secretion, insulin sensitivity, and carbohydrate, fat, and amino 
acid metabolism are all intrinsic abnormalities in the state that 
we have come to accept as GDM. Developing more sensitive 
indices for prediction of perinatal morbidity may require either 
intensification of glycemic criteria or the inclusion of more 
sophisticated metabolic measurements. 

ETIOLOGY AND PATHOGENESIS OF 
GESTATIONAL DIABETES MELLITUS 

Epidemiologically, GDM has much in common with type 2 DM. 
Like type 2 DM, the frequency of GDM increases with progres- 
sive age and body mass index and is seen more commonly in 
nonwhite populations. In various studies, the relative risk is 
increased by 1.6 to 3.5 in African Americans, 1.8 in Hispanics, 
8 5 in Southeast Asians, 10.9 in East Indians, and 15 in Native 
Americans (45,46). These findings parallel those of type 2 DM m 
these respective ethnic groups, as well as in relation to age and 
obesity. Metabolic assessment of women with previous histories 
of GDM further reveals findings consistent with type 2 DM. In 
addition to the observation that over 90% of women in whom 
nongestational DM develops after a history of GDM appear to 
have type 2 DM (47), metabolic studies suggest both p-cell 
defects and insulin resistance in women with a history of GDM. 

It is useful, therefore, to examine the pathogenesis of GDM 
by examining the fJ-cell insulin response and subsequent 
insulin action in pregnant women both with and without GDM. 
Classic studies by Freinkel (48) and others demonstrated a 1.5- 
to 2.5-fold augmentation in insulin secretion in response to 
either oral or intravenous glucose during pregnancy. Clearly, 
limited [J-cell reserve incapable of making this compensatory 
increase in insulin secretion would result in subsequent mater- 
nal carbohydrate intolerance. After an oral glucose challenge to 
women with GDM, significantly higher insulin levels are 
reached in pregnancy than are seen in the same women post- 
partum (48). 

In absolute terms, women with GDM have insulin responses 
almost identical to those of normal women during pregnancy 



(49). Because the ambient glucose levels are higher m G§| 
however, the insulin response per unit of glycemic stimulusipl 
insulinogenic index) is only half that seen in normal pregna§J| 
Specific stimulation tests have revealed enhanced P-ceU|||| 
sitivity to both glucose and amino acids in normal P re g^|j|p 
These responses, however, are significantly lower in wp'n?e8> 
with GDM (50). (5-cell secretory dynamics may be assessei|| 
intravenous glucose tolerance testing and analyzed by minifif * 
modeling techniques (51). First-phase insulin secretion was|| 
than one-fourth that of the normal pregnant group (52). 
second phase, insulin secretion was also found to be lowe?^ 
the women with GDM, although not sufficiently so to reaclg 
tistical significance. In this group of 16 women with GDM«,;|jp| 
ever, only 1 was found to have both normal first- and sebgijj 
phase insulin secretion. These findings are entirely cqn^ste 
with observations of p-cell response and dynamics in nongejrfg 
tional type 2 DM (53). It remains unclear whether this;j}|£ 
defect is present before conception. No prospective ,;StM& 
before the occurrence of GDM have been published to de|||| 
strate this proposed preexisting p-cell defect. It is clear|hjp^ 
ever, that the f3-cell defect persists after deliver)'. Oral gi||= 
tolerance testing in women with previous GDM matchedp 
women with a history of normal pregnancy demorxstratesa^ 
to 40% reduction in insulin responsiveness in both whxt||a^ 
African-Caribbean patients. The insulin : glucose ratios- ar|^ 
reduced by 30% to 45% in these populations (54). .^f|p 
As in type 2 DM, it is not known whether the P-cellJd|J| 
seen in GDM is a primary defect or occurs after i«su|mj||* 
tance. Nonetheless, insulin resistance is a well describe||jjj 
nomenon in GDM. Using techniques similar to those im^e 
DM, insulin sensitivity is found to be markedly depressed 
GDM and glucose disposal rates are markedly din>jp| 
Using a hyperinsulinemic euglycemic clamp techniquer^g 
al. (55) demonstrated insulin resistance in women wifen^f 
pregnancies and GDM, with glucose utilization decreasgg 
18% and 58%, respectively, compared with normal, ; noripr 
nant women. Using the minimal model technique, |o||J 
insulin sensitivity was reduced by two thirds in tl0t ^if t S r 
pregnant women and those with GDM compared 
matched, nonpregnant women. Thus, no differences 
by this method in insulin action in GDM versus nonrmgj -< 
nancy (52). . -MM 

Examination of insulin action on peripheral tissues^ 
cally liver, adipocyte, and muscle, suggests normajg^ 
action in the two former sites and marked insulin r ^Ujp 
the muscle. Phosphofr urokinase and pyruvate kma |?g$f 
nificantly lower in muscle tissue from pregnantwoni ^ 
pared with nonpregnant control subjects (50). ™^4|§f 
decreased muscle glycolysis and glucose disposal, an ^ 
related to increased free "fatty acids (FFA) during p™ 
FFA, which stimulate fat oxidation and decrease car ^fA 
oxidation, rise during late pregnancy. When FFA ^g%gT 
increased in early gestation, at which time insulin serf 
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normal, insujfl^imulated glucose uptake decreases by 30% 
(56). This irfsulin resistance is less than that found during late 
pregnancy, accounting for only part of the insulin resistance in 
GDM. 

These changes in insulin sensitivity are found inconsistently 
postpartum. Ryan et al. (55) found normal glucose disposal 3 
davs postpartum in two patients with a history of GDM. With 
larger samples, however, only 50% of women with previous 
GDM normalized their insulin sensitivity and glucose disposal 
(57,58). 

Like type 2 DM, GDM is a genetically heterogeneous disor- 
der. Clear ethnic differences in both phenotypic and genotypic 
features exist. In both African- American and white subjects, the 
presence of genotypes 1,1 and 1,2 for the insulin receptor gene 
increase the relative risk for development of GDM (59). These 
genotypic markers further interact -with both BMI and a mater- 
nal history of DM. The presence of allele 1 of the insulin recep- 
tor gene confers an odds ratio of 3.72 when the BMI is 35. If a 
maternal history of DM is factored in, the odds ratio rises to 
62.84 (59). 

In whites, the interaction between allele 1 positivity in the 
insulin receptor gene accounts for the entire increased odds 
ratio related to obesity. Thus, if the BMI is 35 or greater, the odds 
ratio in allele l-positive patients rises to 27.4, whereas it is not 
increased in women lacking the allele. A further interaction 
occurs between women with allele 1 positivity and insulin-like 
growth factor-2 allele 2 positivity. This interaction further 
increases the odds ratio to 34. Hispanic patients in this analysis 
demonstrated none of the genetic risk factors found in either 
the white or African- American populations with GDM. 

Despite these genetic observations, no definitive abnormali- 
ties in insulin receptor number, affinity, or activity have been 
noted. Available literature demonstrates a wide range of insulin 
receptor states in GDM. Thus, most investigators believe that 
the insulin resistance occurring in GDM stems from a postre- 
ceptor defect. 

Examination of glucose transporter function has provided 
further evidence of the mechanism of insulin resistance. GLUT- 
4 content is entirely normal in skeletal muscle in both normal 
pregnancy and GDM (60). GLUT-4 content in adipocytes, how- 
ever, is abnormal in both absolute number and subcellular dis- 
tribution (61). Approximately 50% of patients with GDM have a 
profound cellular depletion of GLUT-4, whereas the other sub- 
group demonstrates normal total cellular GLUT-4 with an 
abnormal subcellular distribution. Insulin-stimulated transloca- 
tion of GLUT-4 from microsomes into the plasma membrane 
was markedly deficient in all patients with GDM, with a subse- 
quent 60% depression in glucose transport activity. It is unclear 
from these studies whether the defect in glucose transporter 
number, location, or activity is a primary defect present before 
gestation or if it persists postpartum. It is possible, however, 
that these defects are acquired as a result of either chronic 
hyperglycemia or hyperinsulinerhia during the period of gesta- 
tion. Further longitudinal studies of insulin action will be nec- 
essary before conclusive evidence is forthcoming. 

IMPACT OF GESTATIONAL DIABETES MELLITUS 
ON THE MOTHER 

The identification and treatment of women with GDM are mori- 
,-vated as much by the desire to prevent obstetric complications 
■■; ; &s by the need to prevent fetal complications. A summary of 
; >pbservational studies revealed increased risks of polyhydram- 
nios, pregnancy-induced hypertension, chronic hypertension, 
<-"■ ''pyelonephritis, and the need for cesarean section delivery (62). 
^improved obstetric care, and perhaps more intensive manage- 

i L. 



ment of GDM, result in a reduction to control levels of most 
maternal complications (63). Pregnancy- induced hypertension 
and preeclampsia, however, remain twice as common in 
women with GDM as in normal control subjects. This relation- 
ship persists even when matched for maternal BMI. In addition, 
both chronic hypertension /pregnancy -induced hypertension 
and preeclampsia are significantly more common (2.5% vs. 1% 
and 19.8% vs. 7.9%, respectively) in women with GDM com- 
pared with BMI- matched women with only a single abnormal 
value on glucose tolerance testing (64). 

Delivery by cesarean section occurs in 13% to 32% of women 
with GDM, depending on the study (65,66). Highest rates are 
seen in those women who receive insulin treatment. Despite the 
increased use of insulin in GDM, cesarean section rates have 
been declining in the past 15 years (66). This result is presum- 
ably due to more strict glycemic control and earlier labor induc- 
tion, resulting in a decline in the incidence of macrosomia or the 
number of infants who are large for gestational age. Maternal 
BMI and nulliparity were the only maternal factors identified 
that predicted the need for cesarean section. Fetal factors asso- 
ciated with an increased risk of cesarean section included fetal 
presentation, percentage body fat, and subscapular skinfold 
thickness (67). The single most common cause of cesarean sec- 
tion among women with GDM, however, remains repeat 
cesarean section. 

Gestational DM recurs in approximately 50% of subsequent 
pregnancies (68). Additional predictors of recurrent GDM 
include absolute glucose tolerance test results, glucose 
response, the requirement of insulin, and the presence of macro- 
somia in the index pregnancy. Together with a BMI in excess of 
35 in the subsequent pregnancy, these three additional risk fac- 
tors in combination serve as excellent markers for recurrence. 
The presence of any two factors has an 82% positive predictive 
value, and the presence of an)' three carries with it a 100% pos- 
itive predictive value (69). Today, the O'Sullivan-Mahan criteria 
remain the only long-term predictors of maternal carbohydrate 
tolerance. The incidence rates for DM among former patients 
with GDM varies from 6% to 62%, with an excess risk for DM 
among these women as high as 31% (10). Extensive efforts to 
identify factors predicting subsequent maternal nongestational 
DM have contributed extensively to the understanding of the 
pathophysiology of GDM. Pregnane}', despite its temporary 
diabetogenic state, is not associated with an increased risk of 
subsequent type 2 DM (70). 

Preexisting obesity and subsequent postpartum weight gain 
are strongly associated with the development of type 2 DM (71). 
Thus, the progression from GDM to type 2 DM appears to be 
identical to, although faster than, the course of type 2 DM in the 
non-GDM population. Intensive examination of maternal and 
neonatal characteristics of a GDM population with postpartum 
follow-up confirms obesity (or BMI) and the fasting glucose 
value on the OGTT in pregnancy as the strongest predictors of 
subsequent development of type 2 DM (72-74). A family history 
of DM, maternal age, parity, and the need for therapeutic 
insulin during' the index pregnancy were not consistently found 
to be significant predictors of the ultimate development of type 
2 DM. 

Gesta tional DM appears to be an early manifestation of type 
2 DM in populations at risk. Early identification allows longitu- 
dinal evaluation of metabolic parameters leading to the devel- 
opment of type 2 DM and becomes an excellent model for pre- 
vention studies of nongestational DM. GDM has been 
associated with early atherosclerosis. There is markedly attenu- 
ated endothelium-dependent dilatation in patients with GDM 
compared with control subjects at 3 to 6 months postpartum. 
This suggests that endothelial dysfunction, an early sign of ath- 
erosclerosis, is already present shortly after delivery in women 
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with a history of GDM, even if they currently have normal glu- 
cose tolerance and blood pressure. This may be related to per- 
sistent postpartum insulin resistance in these women (75). 

IMPACT OF GESTATIONAL DIABETES MELLITUS 
ON THE FETUS 

The fetus of the mother with GDM is exposed to a metabolic 
milieu quite different from the normal one. Glucose, alanine, 
and FFA are transferred from the maternal circulation to the 
fetus in excess quantity, resulting in an overfed fetus (76). As a 
result, amniotic fluid insulin concentrations rise significantly as 
an indicator of fetal compensation for increased nutrient deliv- 
ery (77). Although glucose and glycated proteins, including 
hemoglobin, become the clearest parameters reflecting the 
maternal metabolic state, maternal triglyceride concentrations 
have been found to be the strongest predictor of birth weight 
(78). Thus, the overall metabolic changes clearly affect fetal 
development and maturity, leading to a variety of morbid fetal 
outcomes. Improved maternal and neonatal care has reduced 
neonatal mortality to levels indistinguishable from those of con- 
trol groups. The effects of maternal glucose and metabolic con- 
trol tend to mask the incidence of neonatal complications, but 
fail to ameliorate them entirely. Population-based studies of 
perinatal outcomes in patients with GDM reflect an increased 
prevalence of infants who are large for gestational age, macro- 
somia, hyperglycemia, hyperbilirubinemia, and polycythemia 
(79,80). In these studies, triglycerides were not measured, but 
maternal weight was significantly correlated with birth weight. 
Other neonatal morbidities, however, are unrelated to either 
maternal age or obesity but correlate to some degree with sever- 
ity of maternal DM, as reflected by glycemic control. 

Contemporary efforts to maintain normoglycemia during 
pregnancy with diet, exercise, and aggressive insulin therapy 
may result in normalization of glycated hemoglobin and near- 
normal glucose profiles throughout the day by self -monitoring 
of blood glucose concentrations. Despite this degree of near- 
normalization of glycemia, however, neonatal morbidities per- 
sist (16) (Table 89-4). Controlling blood sugars using postpran- 
dial glucose monitoring goals (1 hour postprandial <140 
mg/dL) in combination with fasting blood glucose measure- 
ment (fasting 60 to 90 mg/dL) can optimize glycemic control 
and significantly improves pregnancy outcomes by decreasing 
neonatal hypoglycemia and macrosomia, and the rate of 
cesarean sections (81). 



TABLE 89-4. Neonatal complications in infants of 
mothers with gestational diabetes mellitus 



Complication 



GDM 
in = 878) 



Control . 
(n = 380) 



Relative 
risk 



Macrosomia 17.9%* 5.6% ' 3.2 a 

Hypoglycemia ' 5.1 %° '0.9% 5.7 s 

Hyperbilirubinemia 16.5% a • 8.2% 2.0 a 

Hypocalcemia 5.5%° 2.7% 2.0* 

Polycythemia 13.3%' 1 4.9% 2.7* 

Thronibocytopenia 6.6% ' 0.9% 0.7 

Hyaline membrane disease 1.3% 1.4% 0.9 

Major anomalies . , 3.0% a " 1.8% 1.7* 

„ . t ;CDM, gestational ^diabetes Tmelliliis." , . - . , ... 

: l f»p> -us, - f- • * '0 • ' ':v.v-"' '•■ " % r 

Adapted with permission from Hod M,' Merlob P, Friedman S, et al. 
Gestational diabetes mellitus: a survey of perinatal complications in the 1 980's. 
Diabetes 1991 ;40lSuppl 23:74. • ■ ' 
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The in utero exposure to abnormal metabolic parameters has 
long-term consequences in addition to the short-term conse- 
quences seen in the perinatal period. Offspring of women with 
GDM are heavier for gestational age and heavier for height than 
offspring of nondiabetic women matched for age and BMI (82). 
This neonatal obesity creates a problem that these children are 
apparently unable to overcome. As they age, within each age 
group, the offspring of diabetic women have a higher preva- 
lence of obesity than their matched cohort. Similarly, these off- 
spring have higher glucose concentrations in response to glu- 
cose tolerance tests and a higher prevalence of DM than their 
matched cohort. This study is particularly interesting in that the 
infants of women with GDM continued to have a significantly ; 
greater incidence of obesity and DM even when matched with 
infants of women with normal carbohydrate tolerance during \ 
the index pregnancy who subsequently acquired type 2 DM/ 
Thus, the effects of the intrauterine environment may be sepa-J 
rated from the effects of heredity, and can be demonstrated to.; 
have lasting effects on the anthropomorphic and metabolic ■ 
development of the offspring (82), ■'■ 



CONCLUSION 

Discriminating the effects of maternal age, obesity, and degree 
of maternal glvcemic control has complicated the assessment qf^Jf 
fetal effects of GDM. Use of NDDG criteria for the diagnosis p||§| 
GDM and differing thresholds for the initiation of insulin therf^^^ 
apy, with resulting differences in maternal glycemic controj^^^ 
complicate our understanding of the impact of GDM on th^|||g£ 
fetus. Standardization of diagnostic criteria and therapeutic^^Jg 
interventions, together with intensive examination of fetal a ^}|^|^^ 
maternal metabolic parameters, will contribute significantly tp:^^gis| 
our understanding of the impact of GDM. Nonetheless, GDM|g|||| 
serves as an ideal model for examining the natural history of ggfll 
type 2 DM and the effects of early intervention for preventiqn^^g| 
Furthermore, infants of mothers with GDM provide a model for^^p^ 
the effects of early nutrition, as well as an opportunity to redii^^^p 
the occurrence of neonatal morbidities. New. efforts are under|pWii^ 
way to improve ascertainment of GDM, measurement of me'taj^ 
bolic parameters, and examination of fetal outcomes in a cpn^p 
trolled fashion (83). 
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